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Abstract
Although high-intensity caregiving has been found to be associated with a greater prevalence of mental health
problems, little is known about the specifics of this relationship. This study clarified the burden of informal
caregivers quantitatively and provided policy implications for long-term care policies in countries with aging
populations. Using data collected from a nationwide five-wave panel survey in Japan, I examined two causal
relationships: (1) high-intensity caregiving and mental health of informal caregivers, and (2) high-intensity caregiving
and continuation of caregiving. Considering the heterogeneity in high-intensity caregiving among informal
caregivers, control function model which allows for heterogeneous treatment effects was used.
This study uncovered three major findings. First, hours of caregiving was found to influence the continuation of
high-intensity caregiving among non-working informal caregivers and irregular employees. Specifically, caregivers
who experienced high-intensity caregiving (20–40 h) tended to continue with it to a greater degree than did
caregivers who experienced ultra-high-intensity caregiving (40 h or more). Second, high-intensity caregiving was
associated with worse mental health among non-working caregivers, but did not have any effect on the mental
health of irregular employees. The control function model revealed that caregivers engaging in high-intensity
caregiving who were moderately mentally healthy in the past tended to have serious mental illness currently.
Third, non-working caregivers did not tend to continue high-intensity caregiving for more than three years,
regardless of co-residential caregiving. This is because current high-intensity caregiving was not associated with the
continuation of caregiving when I included high-intensity caregiving provided during the previous period in the
regression. Overall, I noted distinct impacts of high-intensity caregiving on the mental health of informal caregivers
and that such caregiving is persistent among non-working caregivers who experienced it for at least a year.
Supporting non-working intensive caregivers as a public health issue should be considered a priority.
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Background
Co-residential informal caregiving leads to increased
stress and lowered psychological health. The intensity of
caregiving in co-residential situations appears to be
much greater than in extra-residential ones, and this
high-intensity caregiving (i.e., 20 or more h per week)
leads to especially poor health among family caregivers.
“Intensive carers,” defined as those who provide more
than 20 h of care per week, are more likely to stop work-
ing and to have worse mental health outcomes as a
result of their caregiving responsibilities [1]. Drawing on
British Household Panel Survey data (1991–2000), Hirst
showed that individuals who provided high-intensity care-
giving had double the risk of psychological distress as did
non-caregivers [2].1 Notably, this effect was greater in
women. Colombo et al. argued that high-intensity caregiv-
ing is associated with a higher risk of poverty [1].2 Despite
these findings, relatively little is known about the precise
impact of high-intensity caregiving on mental health. To
address this, I focused on two causal relationships among
informal caregivers: between high-intensity caregiving and
mental health, and between high-intensity caregiving and
continuation of caregiving. The latter relationship was
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examined because a longer duration of high-intensity care
appears to exhaust caregivers to a greater degree than
does a shorter duration. As such, I wanted to clarify how
caregivers’ informal caregiving changes with psychological
distress during care provision.
In 2006, Japan revised its social long-term care insur-
ance (LTCI) entitlement for mildly disabled older people
into a “prevention system,” which aims to help those eli-
gible for support to better maintain their independence.3
Such approaches can be combined with more adequate
support strategies for family caregivers [3]. Colombo et
al. suggested that supporting family caregivers is effect-
ively a win-win solution, because it involves far less pub-
lic expenditure for a given amount of care [1]. Indeed,
the support of family caregivers is an important public
health issue, both in Japan and worldwide.4 Thus, I
aimed to determine whether respite care is useful for
supporting the mental health of informal caregivers en-
gaged in high-intensity caregiving. Some previous studies
have demonstrated that respite care has a positive effect
on caregivers.5 It is possible that the influence may be
greater for caregivers engaged in high-intensity care,
while day care appears to be more effective for carers in
paid employment (i.e., who are engaged in less intensive
care) [4]. Furthermore, the use of a short-term stay ser-
vice funded by the LTCI has demonstrated positive ef-
fects on the well-being of family caregivers. This service
is perhaps the most efficient, followed by home-helper
services [5]. Greater use of day-care and respite short-
stay services have indicated that such services might
provide traditional female caregivers with temporary re-
lief from their care burden [6].6
As stated before, I investigated the longitudinal associ-
ations between high-intensity caregiving and caregivers’
mental health, and between high-intensity caregiving
and continuation of caregiving in an older adult popula-
tion. A random-effects probit estimation was employed
to reveal the determinants of both caregivers’ mental
health and continuation of caregiving. However, it must
be noted that caregivers often make adjustments in em-
ployment status to facilitate caregiving, such as reducing
work hours or quitting work altogether [7]. Therefore, it
seemed necessary to classify informal caregivers by their
employment status (regular employees, irregular em-
ployees, and non-working caregivers). In dividing partici-
pants by their employment status, I was aware that I
would also be dividing participants by their intensity of
informal caregiving. This was supported by the fact that
a preliminary analysis indicated a difference in hours of
caregiving between various employment status groups,
even after controlling for other socioeconomic and
demographic characteristics. Considering this heterogen-
eity in high-intensity caregiving among informal care-
givers by employment status, I estimated mental health
functions using the control function approach. This ap-
proach allows for assessment of heterogeneous treat-
ment effects combined with self-selection of treatment.
This paper is organized as follows. Section 2 provides
a literature review of the effects of high-intensity care-
giving on caregivers’ health and formal care use. Section
3 outlines the characteristics of the nationally represen-
tative sample used in this study and the variables of
interest, such as caregivers’ mental health. In Section 4, I
describe the empirical methods and report the estima-
tion results. Section 5 contains conclusions.
Effects of high-intensity caregiving on caregivers’ health
and formal care use
Caregivers are at risk of becoming patients themselves.
Furthermore, most studies have found that caregiver
burden is higher for women than for men. This discrep-
ancy may be partially explained by how traditional gen-
der roles place greater pressure on women to commit to
the caregiver role [8].7 Additionally, Brouwer et al. re-
ported that disrupted life schedules and caregivers’
health problems were the strongest predictors of subject-
ive burden scores [9].
Objective burden must be considered independently of
subjective burden, since caregivers’ mental state can
alter their perception of their personal burden, regard-
less of their actual burden [10]. The objective burden of
informal caregiving is typically defined as the amount of
time spent on this activity. Brouwer et al. found that a
greater time spent on caregiving is related to reduced
quality of life and probability of having paid employment
in the labor force [9].8 Using a population-based sample,
Beach et al. found that an increasing intensity of care
was associated with increasingly poor (mental) health for
caregivers [11]. Houser and Gibson similarly found that
the greater the intensity of caregiving, the greater the
magnitude of the health effects due to chronic stress
[12]. Additionally, caregiving, particularly intensive care-
giving, reduced female labor force participation and
hours worked [13–15].
In Japan, informal caregivers can purchase formal care ser-
vices from LTCI, depending on the eligibility levels of care
recipients (i.e., their care needs or support level). Individuals
who engage in less intensive caregiving might prefer formal
care to informal care—for example, workers with caregiving
responsibilities, as it may ease the intensity of informal care-
giving and allow them to continue their work. Sugawara and
Nakamura found that regular workers are more likely to
utilize formal care, whereas non-regular workers tend to
provide informal care by themselves [16].9 Informal care can
serve as a substitute for formal long-term care in the sense
that elderly parents can receive needed assistance (e.g., in
eating or taking a bath) from their children [17].10 Indeed,
Kikuchi confirmed that informal care by a co-residential
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caregiver had a negative effect on the use of institutional
care services [18].
In the present study, changes in work status during care
provision were assumed to occur for exogenous reasons,
despite the fact that many informal caregivers make sim-
ultaneous decisions about formal care use, informal care-
giving, labor participation, and living arrangements.
Furthermore, due to the limited data on formal care ser-
vices, the availability of such services was not taken into
account in the present study. Instead, I created a proxy
variable of formal care use as a dummy variable of respite
care, which took on the value of 1 if hours spent on care-
giving exceeded work hours in the past year and work
hours exceeded hours spent on caregiving this year. Using
this dummy variable, I examined whether respite care was
useful for informal caregivers in reducing the negative ef-
fects of high-intensity caregiving.
Methods
Data
The data used in this study were drawn from five waves of
the Longitudinal Survey of Middle-aged and Elderly Per-
sons (LSMEP; 2005–2009) conducted by the Japanese
Ministry of Health, Labor and Welfare (MHLW). The
LSMEP is a nationally representative sample of the near
elderly in Japan (individuals aged 50–59 entered the
sample initially). The LSMEP collects information about
family situation, health status, and employment status on
an annual basis using self-report questionnaires. Samples
in the first wave were collected nationwide in November
2005 through a two-stage random sampling procedure.11
Samples
I examined regular employees, irregular employees, and
non-working caregivers separately, given their different pro-
pensities for providing informal care. I further delineated
non-working caregivers by social status.12 Individuals who
were not working were categorized as workers during a
period of family care leave or unemployment, or as other-
wise inactive persons (including homemakers and retirees).
I defined informal caregivers who were seeking employ-
ment as unemployed. Informal caregivers who did not re-
spond to the questions about labor participation and
earned income were defined as “non-working caregivers.”
Most Japanese companies have a mandatory retirement
system—at the time of the 2005 survey, employees were
allowed to work until age 60; however, the official employ-
able age was raised from 60 to 65 in 2013.
To explore the effects of high-intensity caregiving on the
mental health of informal caregivers, I utilized only those
LSMEP respondents who were reported caregivers. To iso-
late these individuals, I created a respondent-level dataset,
and then limited the sample to individuals who had
responded to the question on hours of informal caregiving.
The subjects who had not filled out this information were
excluded. In total, this sample comprised 15,273 subjects,
including 3,445 inactive persons (e.g., homemakers, re-
tirees), 784 workers during a period of family care leave,
486 unemployed individuals, 6,978 irregular employees,
and 3,580 regular employees. Because poor mental health
status might occur due to unemployment, I excluded un-
employed caregivers in the regression analysis.
Main measures
Dependent variables
As a measure of objective mental health measures, the
Kessler 6 non-specific distress scale (K6) developed by
Kessler et al. [19] was used. The K6 is a six-item psycho-
logical screening instrument that was included in the
LSMEP. The K6 scale asked respondents how frequently
they experienced the following six symptoms: “During the
past 30 days, about how often did you feel a) nervous, b)
hopeless, c) restless or fidgety, d) so depressed that noth-
ing could cheer you up, e) that everything was an effort,
and f) worthless?” For each question, participants an-
swered on a 5-point scale where responses of “none of the
time,” “a little of the time,” “some of the time,” “most of
the time,” or “all of the time” were assigned values of zero,
one, two, three, and four, respectively. The responses to
the six items were summed to yield a K6 score between 0
and 24, with higher scores indicating a greater tendency
towards mental illness. A K6 cut-off point of 13 was estab-
lished to operationalize the definition of “serious mental
distress.” Moderate mental distress was defined as 5 ≤K6
< 13.13 However, as Oshio [20] argued, because the results
were not free from potential biases due to their self-
reported nature, I created a dichotomous variable of
serious mental illness as well as an ordinal variable
(serious = 2, moderate = 1, otherwise = 0).
Primary explanatory variables
A preliminary analysis revealed that non-working caregivers
spent more hours on caregiving per week on average than
did working caregivers. Specifically, the proportions of indi-
viduals who engaged in high-intensity caregiving (20 or
more hours per week) were as follows: regular employees,
14.4%; irregular employees, 20.8%; inactive persons, 27.2%;
unemployed, 26.5%; and care leave, 50.3%.14
It is important to be aware of the non-proportional rela-
tionship between hours of caregiving and caregivers’ per-
ceived burden. Assessing caregivers’ burden with the Zarit
Burden Interview, Arai and Ueda confirmed that these
two variables are not directly connected [21]. Thus, be-
cause longer duration of caregiving does not directly mean
that caregivers will have greater burden, simply measuring
the presence or absence of high-intensity caregiving might
not be an adequate explanatory variable of continuation of
caregiving. Therefore, I used three dichotomous variables
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to measure intensity of caregiving, as follows: (I) 20 or
more hours per week = 1, otherwise = 0; (II) more than
20 h and less than 40 h per week = 1, otherwise = 0; and
(III) 40 or more hours per week = 1, otherwise = 0. Note
that (I) includes (II) and (III).
The LSMEP included items relating to the family
member(s) for whom respondents provided care (i.e.,
father, mother, father-in-law, mother-in-law, and others)
at the time of the study. I constructed four binary vari-
ables indicating informal care provision for the four fam-
ily member types (i.e., father, mother, father-in-law,
mother-in-law). These dummy variables are the main ex-
planatory variables of interest because a preliminary ana-
lysis revealed that the proportion of co-residential
caregivers engaged in high-intensity caregiving was rela-
tively higher for care recipient who was a mother or
mother-in-law.15 Furthermore, because co-residential
caregivers might commit to more hours of informal care
than extra-residential caregivers, and co-residence may re-
flect having care recipients with higher care needs, co-
residential care is often used as a proxy for more intensive
care [22, 23].16 Co-residential adult children have trad-
itionally been the main caregivers in Japan; for example, in
2010, 64% of caregivers for care recipients in the home
were co-residential family members.17 Caregiving for a
resident parent is associated with depressive symptoms
and sleeping problems; indeed, even just having a parent
in need of care increases the likelihood of depression [24].
The effect of respite care was measured by using a
time-averaged proxy variable of formal care use. I cre-
ated this proxy variable to use as a dummy variable of
respite care, which took on the value of 1 if hours spent
on caregiving exceeded work hours in the previous year
and work hours exceeded hours spent on caregiving this
year; otherwise it took on the value of 0. 18
Empirical analysis
Dynamic random-effects probit model and control function
(CF) approach
The specifications of the high-intensity caregiving func-
tion dictate that the response probability of a positive
outcome depends on unobserved effects and past experi-
ence. It is important to consider unobserved heterogen-
eity because ignoring it can lead to overestimation of the
degree of state dependence. The random-effects probit
model specification allows for unobserved heterogeneity
but it treats the initial conditions as exogenous. Estimating
a standard uncorrelated random-effects probit model im-
plicitly assumes zero correlation between the unobserved
effect and set of explanatory variables.19 Treatment of the
initial conditions in a dynamic random-effects probit
(DREP) model is crucial, since misspecification will result
in an inflated parameter of the lagged dependent variable
term. Additionally, ignoring the initial conditions problem
yields inconsistent estimates [25, 26]. Kumagai and Ogura
is a study which overcomes the initial conditions problem
[27]. Using the procedure described in [26], they estimated
DREP models and revealed that the degree of dependence
between previous health stock and current health stock
exhibited moderate persistence.20
I estimate the DREP models of high-intensity caregiv-
ing function in this study. The core econometric specifi-
cation of this function is as follows:
HIt ¼ f βCCt þ βHIHI t−1 þ HC0tβHC þ D0tβD þ βSSt þ βWWt þ X 0tβX
 
ð1Þ
where HI is a measure of high-intensity caregiving, C a
measure of co-residential caregiving, HC′ a vector of the
health status of caregivers, D′ a vector of demographic
variables, S the presence of social relationships (having
friends/acquaintances), W the wage rate of caregivers or
the relative resources of non-working caregivers, and X′
a vector of other socioeconomic variables. βC, βHI, βHC,
βD, βS, βW, and βX are the coefficients to be estimated.
The subscript t indexes time periods. In this analysis,
the function f is the probit function when HI is dichot-
omous. All models included the following covariates:
co-residential caregiving; informal care provision for
each of the four types of family members; age; marital
status (married, divorced, or widowed, with never mar-
ried as the comparison group); current employment;
educational attainment (junior-high education, some
post-secondary education, university degree, and gradu-
ate degree, with high school completion as the compari-
son group).
As mentioned above, the subsamples by employment
status had differing intensities of informal caregiving.
Thus, I am treating the heterogeneity as individual-
specific in estimating the effect of explanatory variables
on the outcomes of interest.21 I examined two causal
relationships: (1) high-intensity caregiving and mental
health of informal caregivers, and (2) high-intensity
caregiving and continuation of caregiving. Considering
the heterogeneity in high-intensity caregiving among
informal caregivers, a method that allows for heteroge-
neous treatment effects combined with self-selection
into treatment is necessary for appropriate analysis of
these relationships. Thus, I estimated the following con-
trol function model.
When unobservables, ui,t and εi,t, are assumed to be
linearly related to vi,t
22 and all unobservables are assumed
to be independent of zi,t (i.e., covariates used for modeling
the outcome), then vi,t will have a zero mean. Equation (2)
can be used to estimate the average treatment effect of
high-intensity caregiving. Specifically, the outcome vari-
able of the estimating equation is MHi,t (i.e., the mental
health of informal caregivers) and a treatment HIi,t (i.e., a
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measure of high-intensity caregiving). A dummy variable
indicating the treatment condition HIi,t (i.e., HIi,t = 1 if in-
formal caregiver i engages in high-intensity caregiving at
time t, and 0 otherwise) is directly entered into the regres-
sion equation and the outcome variable MHi,t is observed
for both HIi,t = 1 and HIi,t = 0.
MHi;t ¼ ηHIi;t þ zi;t 0ωþ εi;t ;
HIi;t ¼ ki;t 0α þ ui;t;HIi;t ¼ 1 if HIi;t > 0; and HIi;t ¼ 0 otherwise
ð2Þ
E εi;t jvi;t
  ¼ ψ1vi;t; E ui;t jvi;t
  ¼ ψ2vi;t
where ki,t are the covariates used to model treatment
assignment. The covariates zi,t and ki,t are unrelated to
the error terms.
According to Wooldridge’s procedure [28], the con-
trol function approach can be used to estimate the fol-
lowing model for a binary treatment variable. After
obtaining the generalized residuals (grHIi,t) of HIi,t in
the regression equation, the control function regression
is as follows:
MHi;t ¼ θ0 þ θ1MHi;t−1 þ θ2HIi;t þ zi;t 0θ3
þ θ4grHIi;t þ θ5ðHIi;t  grHIi;tÞ þ εi;t ð3Þ
This second-stage regression equation (3) including
the generalized residual is without exclusion restrictions
due to the residuals’ nonlinearity [29].23 Estimating
Eq. (3) allows researcher to analyze whether high-
intensity caregiving is associated with worse mental
health among informal caregivers. Note that because
the effect of moderate or serious mental health was
considered persistent for informal caregivers, the lagged
mental health variable was used.
Although there are no required exclusion restrictions
for endogenous selection models [29, 30], such restric-
tions are useful for ensuring appropriate identification
of the parameters. To control for any factors that might
influence the probability of high-intensity caregiving,
the initial value of caregiving was included as an
exclusion restriction. Notably, there were positive
correlations between the initial value of caregiving and
high-intensity caregiving among non-working caregivers
(0.163, p < .01). In contrast, there were no correlations
between the initial value of caregiving and serious
mental distress among this same employment group. In
the preliminary analysis, I observed that the initial value
of caregiving had significant (p < .01) positive effects on
the high-intensity caregiving of both non-working care-
givers and irregular employees.
Results and Discussion
Descriptive statistics
Table 1 presents the descriptive statistics of the employ-
ment status groups. The proportion of inactive persons
who engaged in high-intensity caregiving (20–40 h or 40 h
or more) was 27.2% (15.4%, 11.8%), which was higher than
the 20.8% (12.8%, 8%) among informal caregivers with
part-time work. Of all workers, the proportion of workers
taking family care leave who engaged in high-intensity
caregiving was the highest among the employment status
groups, at 50.3% (22.8%, 27.4%). Regarding the outcomes
of interest, the rate of moderate mental distress among in-
active persons was 31.6%, which was slightly higher than
the 31.1% for informal caregivers with part-time work. In
contrast, workers who were taking family care leave had a
higher prevalence of severe mental distress (14.3%) than
did inactive persons (11.1%).
Most workers taking family care leave were female,
and the proportion of these workers who had a drinking
habit was the largest among all informal caregivers stud-
ied. If there were a simultaneity issue for non-working
female caregivers, the relationship between serious men-
tal distress and risky health behavior such as a drinking
habit or a smoking habit would likely be positive even
after controlling for the other covariates. Considering
this possible simultaneity, I did not use lifestyle variables
as covariates of the high-intensity caregiving function in
further analyses.
As noted above, I constructed a binary variable of co-
residential caregiving for each family member type other
than spouse. A change from 1 to 0 in this variable
indicated a shift from co-residential caregiving to non-
residential caregiving.24 The rate of co-residential care-
giving was lowest (0.721) among inactive caregivers,
while that of regular employees was 0.825.
Around 7% of inactive persons did not answer the
question about their hours of caregiving per week. As such,
they were excluded from the remainder of the analyses.
Determinants of high-intensity caregiving
To estimate the determinants of high-intensity caregiving,
I estimated random-effects probit models for regular em-
ployees, irregular employees, and non-working caregivers.
The estimation results for both non-working caregivers
and irregular employees showed that co-residential care-
giving was significantly positively related to high-intensity
caregiving. In contrast, co-residential caregiving had no
significant effect on high-intensity caregiving among regu-
lar employees. Thus, I focused only on the determinants
of high-intensity caregiving among the non-working infor-
mal caregivers and irregular employees.25
Because there are no available means of dealing with
caregiving histories with the initial year missing, left-
censored spells are typically omitted from this analysis. To
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manage the left-censoring problem in this study, I took into
account the initial period choice, because state dependence
implies that initial period choices depend endogenously on
earlier choices causing left censoring. Thus, I included the
initial value of high-intensity caregiving as an explanatory
variable in the regression models.
Table 2 shows the estimated determinants of high-
intensity caregiving among non-working informal caregivers




employeesTotal Inactive persons Care leave
N Mean S.D. N Mean S.D. N Mean S.D. N Mean S.D. N Mean S.D.
Dependent variables
High-intensity caregiving 4715 0.309 0.46 3445 0.272 0.44 784 0.503 0.50 6978 0.208 0.41 3580 0.144 0.35
High-intensity caregiving (initial) 3957 0.144 0.35 2943 0.131 0.34 618 0.244 0.43 5804 0.085 0.28 2852 0.059 0.24
High-intensity caregiving (20–40 h) 4715 0.165 0.37 3445 0.154 0.36 784 0.228 0.42 6978 0.128 0.33 3580 0.090 0.29
Ultra-high-intensity caregiving (40 h or more) 4715 0.145 0.35 3445 0.118 0.32 784 0.274 0.45 6978 0.080 0.27 3580 0.054 0.23
Sum of K6 4483 4.834 4.71 3277 4.493 4.57 750 5.991 4.97 6540 4.272 4.47 3440 3.903 4.29
Serious mental health (13≤ K6) 4715 0.119 0.32 3445 0.111 0.31 784 0.143 0.35 6978 0.115 0.32 3580 0.082 0.27
Moderate mental health (5≤ K6 < 13) 4715 0.344 0.47 3445 0.316 0.47 784 0.430 0.50 6978 0.311 0.46 3580 0.297 0.46
Explanatory variables
Co-residential caregiving 4715 0.743 0.44 3445 0.721 0.45 784 0.809 0.39 6978 0.791 0.41 3580 0.825 0.38
Sex (male = 1) 4715 0.145 0.35 3445 0.121 0.33 784 0.121 0.33 6978 0.353 0.48 3580 0.638 0.48
Age 4715 57.56 2.97 3445 57.87 2.91 784 56.72 2.93 6978 57.11 2.99 3580 56.07 2.71
Married 4715 0.737 0.44 3445 0.732 0.44 784 0.754 0.43 6978 0.765 0.42 3580 0.792 0.41
Divorced or widowed 4715 0.010 0.10 3445 0.008 0.09 784 0.010 0.10 6978 0.013 0.11 3580 0.016 0.13
Care recipient
Father 4715 0.144 0.35 3445 0.139 0.35 784 0.163 0.37 6978 0.173 0.38 3580 0.221 0.41
Mother 4715 0.478 0.50 3445 0.472 0.50 784 0.469 0.50 6978 0.472 0.50 3580 0.532 0.50
Father-in-law 4715 0.083 0.28 3445 0.077 0.27 784 0.106 0.31 6978 0.094 0.29 3580 0.077 0.27
Mother-in-law 4715 0.287 0.45 3445 0.298 0.46 784 0.283 0.45 6978 0.279 0.45 3580 0.211 0.41
Caregiver’s income source, health status
Relative resources or logged wage rate 4715 1.627 2.09 3445 1.712 2.10 784 1.638 2.05 5356 0.818 0.28 2985 0.927 0.15
Dummy for difficulty in daily life activities 4557 0.175 0.38 3339 0.181 0.39 752 0.156 0.36 6690 0.116 0.32 3477 0.078 0.27
Dummy for medication or doctor’s consultation 4715 0.297 0.46 3445 0.317 0.47 784 0.224 0.42 6978 0.289 0.45 3580 0.304 0.46
Dummy for hospitalization during the past year 4715 0.024 0.15 3445 0.027 0.16 784 0.011 0.11 6978 0.016 0.13 3580 0.018 0.13
Diabetes 4024 0.093 0.29 2970 0.095 0.29 659 0.064 0.24 5831 0.091 0.29 3183 0.094 0.29
Heart disease (angina, myocardial infarction) 4018 0.041 0.20 2962 0.044 0.20 661 0.024 0.15 5825 0.042 0.20 3183 0.038 0.19
Cerebral stroke 4017 0.022 0.15 2961 0.024 0.15 660 0.006 0.08 5822 0.015 0.12 3180 0.013 0.11
Hypertension 4034 0.234 0.42 2972 0.248 0.43 665 0.203 0.40 5855 0.263 0.44 3195 0.250 0.43
Hyperlipidemia 4026 0.166 0.37 2968 0.175 0.38 661 0.127 0.33 5837 0.163 0.37 3192 0.196 0.40
Cancer 4012 0.032 0.18 2958 0.038 0.19 659 0.009 0.10 5808 0.021 0.14 3173 0.020 0.14
Caregiver’s lifestyle
Having friends/acquaintances 4642 0.829 0.38 3390 0.833 0.37 776 0.825 0.38 6789 0.867 0.34 3527 0.841 0.37
Dummy for current smoker 4715 0.136 0.34 3445 0.118 0.32 784 0.125 0.33 6978 0.226 0.42 3580 0.295 0.46
Dummy for almost every day or every
day drinker
4715 0.303 0.46 3445 0.299 0.46 784 0.328 0.47 6978 0.289 0.45 3580 0.258 0.44
Dummy for regular physical activity 4715 0.542 0.50 3445 0.552 0.50 784 0.503 0.50 6978 0.420 0.49 3580 0.426 0.49
High-intensity caregiving (initial) refers to high-intensity caregiving in 2005, when the LSMEP launched
Sources: Longitudinal Survey of Middle-aged and Elderly Persons 2005, 2006, 2007, 2008 and 2009
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and irregular employees. Among both groups, past high-
intensity caregiving (20–40 h and 40 h or more) and the ini-
tial value of high-intensity caregiving had significant (p < .01)
positive effects on current high-intensity caregiving. Notably,
the coefficients for high-intensity caregiving of 20–40 h were
larger than were those of ultra-high-intensity caregiving (i.e.,
40 h or more); this indicated that caregivers who experienced
high-intensity caregiving 20–40 h more likely to continue
that high-intensity caregiving than were caregivers who had
experienced ultra-high-intensity caregiving. Considering the
non-proportional relationship between hours of caregiving
and caregivers’ burden found by Arai and Ueda (2003), the
perceived burden of caregivers who experienced high-
intensity caregiving (20–40 h) might be the heaviest among
all informal caregivers. This finding was considered in the
specification of the continuation of caregiving function de-
scribed below. It should be noted that being male had a mar-
ginally significant negative effect on the likelihood of high-
intensity caregiving at the 10% significance level.
Among non-working informal caregivers, taking care
leave, co-residential caregiving, medication or doctor’s
consultation, and caregiving for a father-in-law had posi-
tive effects on high-intensity caregiving. Furthermore,
both relative resources and the squared term of relative
resources were significantly related to high-intensity
caregiving (p < .05). Relative resources—namely, the dif-
ference between logged spouse’s income and logged re-
spondent’s income—had a value of 0 if the respondent
was single. The quadratic function of relative resources
had a minimum value of −0.055 at 2.05, which would
mean that there is a high likelihood of high-intensity
caregiving among non-working caregivers with a large
difference between the logged spouse’s income and
logged respondent’s income.
The relative resources squared (rrs) is considered a
proxy variable of the shadow price of informal care for
non-working caregivers (inactive or taking care leave)
because individuals with higher income tend to spend








20–40 h (−1) 0.919*** 1.031*** 1.013***
(0.116) (0.136) (0.199)


















Co-residential caregiving 0.285*** 0.0753 0.0641
(0.0753) (0.0802) (0.108)
Sex (male = 1) −0.199* −0.135* −0.401***
(0.106) (0.0796) (0.100)
Care recipients
Father −0.0517 −0.0366 0.129
(0.0954) (0.0935) (0.107)
Mother 0.137* 0.0564 −0.0185
(0.0770) (0.0789) (0.0988)
Father-in-law 0.274** −0.0701 0.287*
(0.121) (0.116) (0.151)
Mother-in-law 0.0332 0.0776 −0.162
(0.0838) (0.0874) (0.119)













Hypertension −0.201* −0.0996 0.00882
(0.104) (0.100) (0.122)
Hyperlipidemia −0.182** −0.118 0.00838
(0.0906) (0.0903) (0.104)
Constant −4.304*** −3.358*** −1.365
(1.160) (1.133) (1.502)
lnσu2 −1.266*** −0.716*** −1.815**
(0.384) (0.274) (0.913)
Table 2 High-intensity caregiving functions (Continued)








ρ = 0 [chi2(1)]
11.32 28.96 1.62
Prob≥ chi2 0.00 0.00 0.10
Log likelihood −1501.54 −1610.13 −733.07
N 2879 3580 2063
High-intensity caregiving (initial) refers to high-intensity caregiving in 2005.
m(X) means time-average of time-variant explanatory variable (X)
Age, educational attainment, marital status, residence, having cancer, cerebral
stroke, diabetes, heart disease, and friends were included as covariates
Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1
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less hours in informal caregiving. Therefore, the rrs in-
cludes the opportunity costs of informal caregivers,
which shows the monetary value of the alternative use of
hours of caregiving as market work or leisure time. The
Pearson correlation between rrs and household income
ratio (hir) is 0.501, and hir was not statistically signifi-
cant at the 10% level when using rrs and hir as explana-
tory variables of the high-intensity caregiving function,
suggesting that multicollinearity may exist between
them. The hir is the ratio of household income to the
poverty line. The poverty line, for example 1.25 million
yen in 2009, was obtained from the Comprehensive Sur-
vey of Living Conditions. The rrs was associated with
both the household income status and socioeconomic
status, although the definition of socioeconomic status is
an arbitrary one.26 Non-working caregivers with less
education were not likely to be accepted in the labor
force, and tended to engage in high-intensity caregiving
in their household. The estimation results of random-
effects models of rrs are shown in the Appendix. The
Hausman tests supported the random-effects models.
In contrast, having hyperlipidemia and being hospital-
ized during the past year had negative effects on high-
intensity caregiving (p < .05). Being married also had
negative effects on high-intensity caregiving (see Appen-
dix), suggesting that the “never married” group (i.e., the
comparison group) were more likely to engage in high-
intensity caregiving. The proportion of inactive persons
who were never married was 0.26.
I determined the intra-class correlation coefficients
(ICCs) from an error-components panel data model using
the equation ICC ¼ σ2u= 1þ σ2u
 
, where σ2u represents
the variance of the unobserved individual effect. ICCs are
used to measure the proportion of the total unexplained
variation that can be attributed to individual effects. Here,
the ICC represents the correlations between high-
intensity caregiving across the different periods of obser-
vation; an ICC value close to unity indicates a high persist-
ence of high-intensity caregiving.
The estimation results of the DREP model for irregular
employees showed that unobserved heterogeneity was a
strong source of persistence in high-intensity caregiving;
specifically, unobserved heterogeneity accounted for 32.8%
of the unexplained variance in high-intensity caregiving.
Considering the population distribution of unobserved
heterogeneity, I obtained population-averaged parameters




. The averaged parameter of lagged
high-intensity caregiving (20–40 h) among irregular
employees was 0.845 (1.031/1.220), while that among non-
working caregivers was 0.812 (0.919/1.132). The averaged
parameters of lagged high-intensity caregiving (40 h or
more) were relatively smaller, at 0.441 among irregular
employees and 0.657 among non-working caregivers. The
degree of state dependence between previous and current
high-intensity caregiving (20–40 h) exhibited moderate
persistence.
The averaged parameter of co-residential caregiving
among non-working caregivers was 0.285; in other words,
almost 25% of the persistence of high-intensity caregiving
was increased by co-residential caregiving overall. Further-
more, almost 71% of the persistence of high-intensity care-
giving was increased by co-residential caregiving for a
father-in-law and having a doctor’s consultation. The time
average of non-attendance of health checkup had a positive
and significant (p < .01) effect on high-intensity caregiving.
This suggests that non-working caregivers who had not re-
ceived health checkups during the current period had a
high likelihood of engaging in high-intensity caregiving.27
These tendencies were not found for irregular employees.
Effects of high-intensity caregiving on caregivers’ mental health
The dependent variable of the mental health function was
serious mental distress as measured by the K6. The inde-
pendent variables of the first-stage pooled probit model
were age, care leave, co-residential caregiving, caregivers’
health status, relation of care recipients, educational at-
tainment, having friends or acquaintances, hospitalization,
marital status, medication or doctor’s consultation, resi-
dence, sex, and relative resources or wage rate. The initial
value of caregiving was also included as an exclusion re-
striction. The estimation results of the DREP models
showed that high-intensity caregiving was associated with
worse mental health among non-working caregivers.
Indeed, there were distinct impacts of high-intensity care-
giving on mental health of informal caregivers. However,
high-intensity caregiving did not have any effect on ser-
ious mental health among irregular employees.
Table 3 shows that both the generalized residual and
the interaction (HI × GR) were not significant (p > .05),
and that high-intensity caregiving was an exogenous
variable of caregivers’ mental health. The averaged par-
ameter of high-intensity caregiving was 1.086 (1.234/
1.137) among non-working caregivers. This result indi-
cates that caregivers who had engaged in high-intensity
caregiving would have a current mental health status of
serious mental distress when their mental health was
moderate (5 ≤ K6 < 13) in the past period.28
The averaged parameter of the lagged mental health of
non-working caregivers was 0.438. This indicates that
the degree of state dependence between previous mental
health and current serious mental distress reflected
moderate persistence. All the initial values of mental
health—which ranged from serious (2) to light (0)—were
significantly related with current mental health at the 1%
level. Depressive symptoms were considered persistent
for non-working caregivers.
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To investigate the hypothesis that respite care was use-
ful in alleviating mental distress among informal care-
givers who were engaged in high-intensity caregiving, a
time-averaged proxy variable of formal care use was
used. Among non-working caregivers, when this variable
was included as a covariate of random-effects, it was sig-
nificantly negatively related to mental distress (p < .01).
This suggests that respite care was indeed useful in alle-
viating mental distress for non-working caregivers.
There was a high likelihood of high-intensity caregiving
among non-working caregivers who had not received a
health checkup during the current period. Therefore, we
might consider that caregivers whose time discount rate is
high do not give much thought to their future health
status and therefore are more likely to engage in high-
intensity caregiving. Unobservables such as higher time
discount rates could have increased the rate of high-
intensity caregiving, which in turn would correlate to un-
observables that worsened the mental health of caregivers.
Effects of high-intensity caregiving on continuation of
caregiving
Given the findings of the previous analysis that high-
intensity caregiving was associated with worse mental
health among non-working caregivers, I focused on the
impact of current high-intensity caregiving on continu-
ation of caregiving only in this group. More specifically,
since the transition from non-working to part-time work
was infrequent among informal caregivers, I extracted
those who were not working at time t and did not provide
high-intensity care at time t-1 before running the regres-
sion. During the sample period, about 6% of non-
working caregivers in period t transitioned to part-
time work in the next period. In contrast, 29% of
workers in period t transitioned to non-working care-
givers in the next period.
Table 4 shows the estimation results of the continuation
of caregiving functions among non-working caregivers. The
dependent variable of continuation of caregiving was infor-
mal caregiving in the next period, which includes non-
residential caregiving. To control for factors influencing the
probability of high-intensity caregiving among non-working
caregivers when analyzing continuation of caregiving, I
Table 3 Caregivers’ mental health functions
Non-working Irregular
employees
Dependent variables Serious mental distress (13≤ K6)
Independent variables
Mental health (−1)
(1 =moderate, 2 = serious)
0.498*** 0.381***
(0.0697) (0.0609)
Mental health (initial) 0.478*** 0.346***
(0.0863) (0.0718)
m(proxy of formal care use) −115.3*** −49.58*
(36.30) (28.14)
High-intensity caregiving (HI) 1.234** −0.208
(0.496) (1.148)
Generalized residual (GR) −0.684* 0.0828
(0.372) (0.922)













Heart disease 0.299 0.487***
(0.200) (0.170)


















ρ = 0 [chi2(1)]
6.19 3.88
Prob≥ chi2 0.00 0.02
Table 3 Caregivers’ mental health functions (Continued)
Log-likelihood −637.77 −830.43
N 2785 3448
Mental health (initial) refers to high-intensity caregiving in 2005. m(X) means
the time-average of a time-variant explanatory variable (X)
Age, care recipients, educational attainment, marital status, medication or
doctor’s consultation, residence, sex, and having cancer were included
as covariates
Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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included respondents’ answer to the question “Do you
sometimes try to rest to maintain your health?” as an exclu-
sion restriction.29 I observed a negative correlation between
this exclusion restriction variable and high-intensity care-
giving among non-working caregivers (−0.039, p < .05). In
contrast, there were no correlations between this variable
and continuation of caregiving.
The second-stage estimation results of the DREP
models showed that current high-intensity caregiving
was significantly associated with continuation of caregiv-
ing (p < .05). Because the averaged parameter of high-
intensity caregiving was 0.949 (1.232/1.299) when high-
intensity caregiving was not provided during the previ-
ous period, caregiving was considered persistent for
non-working caregivers. Notably, there was a high likeli-
hood of continuation of caregiving when the care recipi-
ent was a mother or mother-in-law, regardless of the
provision of high-intensity caregiving during the previ-
ous period. However, non-working caregivers did not
tend to continue high-intensity caregiving for more than
three years because current high-intensity caregiving
was not associated with the continuation of caregiving
when high-intensity caregiving provided during the
previous period was included in the regression. The
time-averaged proxy variable of formal care use was
significantly and negatively related to continuation of
caregiving, indicating that current respite care has a
negative effect on continuation of informal caregiving.
This suggests that caregivers might elect to use formal
care when formal care services are readily available in
the next period.
Conclusions
The results of the present study offered robust support for
a causal relationship between high-intensity caregiving and
mental health problems. This suggests that supporting
Table 4 Continuation of caregiving of non-working caregivers
Independent variables HI not provided in
previous period
Co-residential caregiving −0.0101 −0.0417
(0.122) (0.129)
Co-residential caregiving (initial) 0.456*** 0.573***
(0.104) (0.121)
m(proxy of formal care use) −62.58** −68.33**
(26.23) (29.21)
High-intensity caregiving (HI) 1.047* 1.232**
(0.537) (0.570)
Generalized residual (GR) −0.462 −0.363
(0.422) (0.434)
HI × GR 0.0907 −0.281
(0.485) (0.520)
Relative resources squared 0.00917 0.00598
(0.00878) (0.00931)
Relative resources 0.0229 0.0374
(0.0327) (0.0351)
















Heart disease −0.168 −0.0844
(0.225) (0.242)






Having friend 0.206* 0.274**
(0.124) (0.134)
Constant 1.492 0.926









Likelihood-ratio test of ρ = 0 [chi2(1)] 18.10 15.70
Prob≥ chi2 0.00 0.00
Log-likelihood −1005.92 −857.71
N 1743 1454
Co-residential caregiving (initial) refers to high-intensity caregiving in 2005.
Age, educational attainment, hospitalization, marital status, medication or
doctor’s consultation, residence, and having cancer were included
as covariates
Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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family caregivers is an important public health issue. While
little was known until now about the specifics of the nega-
tive relation between high-intensity caregiving and care-
givers’ mental health in Japan, the present study shed some
light on this area.
Three major findings were uncovered: First, hours of
caregiving is thought to influence the continuation of
high-intensity caregiving among non-working informal
caregivers and irregular employees. Specifically, care-
givers who experienced high-intensity caregiving (20–
40 h) tended to continue with it to a greater degree than
did caregivers who experienced ultra-high-intensity
caregiving (40 h or more). Second, there were distinct
impacts of high-intensity caregiving on the mental
health of informal caregivers. High-intensity caregiving
was associated with worse mental health among non-
working caregivers, but had no effect on the serious
mental distress of irregular employees. Caregivers who
had engaged in high-intensity caregiving tended to
exhibit serious mental distress currently when they
exhibited mental health in the previous period. Further-
more, the time-averaged proxy variable of formal care
use was significantly negatively related to mental dis-
tress; this suggests that respite care was useful for non-
working caregivers. Finally, non-working caregivers did
not tend to continue high-intensity caregiving for more
than three years, regardless of co-residential caregiving.
This is because current high-intensity caregiving was
not associated with the continuation of caregiving when
I included high-intensity caregiving provided during the
previous period in the regression. In sum, caregiving
tends to persist among non-working caregivers who
experienced high-intensity caregiving for a year. Thus,
supporting non-working intensive caregivers should be
a priority public health issue.
Although a shift from caregiving to employment has
been observed when formal care services are readily
available, due to the limited data, I did not fully control
for simultaneity between informal caregiving, the eligi-
bility levels of care recipients, and formal care use. This
simultaneity problem should be examined in further
analyses.
Endnotes
1Hirst specifically examined changes in experi-
enced distress levels between caregivers and non-
caregivers surrounding transitions into and out of
caregiving [2].
2Intensive caregivers tend to have lower incomes com-
pared to non-intensive caregivers. Notably, intensive
care is predominately provided by the spouse of the care
recipient, and most intensive caregivers are 50–64 years
old [1].
3The Japanese government introduced a community-
based, prevention-oriented long-term care (LTC) benefit
targeted at low-care-needs seniors in 2006. Since April
2006, there are seven levels of care needs certification
under public LTCI: the two lowest levels are “assistance
required” (yo-shien in Japanese) and the remaining five
levels refer to “care required” (yo-kaigo in Japanese).
Similarly, in 2008, Germany introduced “carrot-and-
stick” financial incentives for sickness funds that proved
successful at rehabilitating and moving LTC users from
institutions to lower-care settings [1].
4In Japan, spending on public LTC increased 40% over
the six years from 2006 to 2012. A further increase in LTC
expenses is expected as the Japanese population continues
to age.
5In Japan, respite care, or short-stay care (i.e., having
the care recipient spend a few nights at a time in a nurs-
ing home) is widely used (350,000 stays per month), but
the number of institutional beds is inadequate because
of high demand [31].
6Female caregivers, who were expected to have home-
making skills according to family-bound gender roles, were
the least likely to use formal visiting homecare services [6].
7According to [1], across the Organization for Eco-
nomic Cooperation and Development (OECD) member
countries, more than one in ten adults over 50 years of
age provide (usually) unpaid help with personal care to
people with functional limitations. Close to two-thirds of
such caregivers are women.
8As they suggested, the objective burden of informal
care does not include how caregivers experience their
caregiving tasks.
9Because long-term care is time consuming, the flexi-
bility of non-regular work might be preferable for infor-
mal caregivers [16].
10In contrast, informal care might serve as a comple-
ment to formal care that cannot be replaced by family or
other informal caregivers, such as outpatient care requir-
ing professional practice.
11First, 2,515 districts were randomly selected from
the 5,280 districts used in the MHLW’s nationwide,
population-based “Comprehensive Survey of the Living
Conditions of People on Health and Welfare,” conducted
in 2004. These 5,280 districts had been randomly
selected from about 940,000 national census districts.
Second, 40,877 residents aged 50–59 years as of October
30, 2005 were randomly selected from each selected
district proportionate to its population size. A total of
34,240 individuals responded to the first survey wave
(response rate: 83.8%), while 32,285 subjects returned
the questionnaires for the second wave (response rate:
92.2%). The third to fifth waves of the survey were con-
ducted in 2007–2009 and consisted of 30,730 (response
rate: 95.4%), 29,605 (96.2%), and 28,736 (97.3%)
Kumagai Health Economics Review  (2017) 7:15 Page 11 of 14
respondents, respectively. No new respondents were
added after the first wave.
12Socially disadvantaged families may be more likely to
engage in caregiving and have fewer labor market oppor-
tunities [1].
13Prochaska et al. [32] identified a K6 ≥ 5 as the opti-
mal lower threshold cut-off for moderate mental distress
according to a receiver operating characteristic curve.
Prochaska et al. also found that mental distress was
more prevalent among those with lower education levels,
those who were unemployed and looking for work, those
who were not married, binge drinkers and current and
former smokers, those who were not regularly physically
active, and those who were obese.
14Regarding the hours of informal caregiving in 2007
(2010), the proportion of main caregivers who provided
“2 h or more per day” for care recipients with a care
level of 3 was 0.577 (0.663), while the proportion who
provided “almost all day” was 0.309 (0.338) [Comprehen-
sive Survey of the Living Conditions of People on Health
and Welfare, 2007, 2010].
15This tendency was the same for caregivers who were
not co-residing with the care recipient.
16Co-residential caregiving is also likely to involve con-
siderable transition costs, such that caregivers are more
likely to remain caregivers in the future [33].
17In 2010, 41% of co-residential females in their 50s or
60s were the primary caregivers according to the Com-
prehensive Survey of Living Conditions 2010 by the
MHLW (Available from http://www.mhlw.go.jp/toukei/
saikin/hw/k-tyosa/k-tyosa10/4-3.html) (in Japanese).
18Although family caregivers could rely only on home
help, day care, and other home and community-based
services, this is not enough to relieve their burden so
long as caring is regarded as a full-time duty [31].
Furthermore, based on a survey of 2,530 family care-
givers, Suzuki et al. found that there is insufficient
provision of short-term stays, day services, and home-
helper services [5].
19Assuming that initial conditions are exogenous, the
random effects variance is restricted to zero. This indi-
cates that there is no unobserved heterogeneity in par-
ticipation probabilities.
20Higher income was found to be positively related
to latent health stock, while low educational attain-
ment, difficulty in daily life activities, and care for
family members were negatively related [27]. They
used health stock as a dummy variable, which took
on the value of 1 if the latent health stock was good
and 0 otherwise.
21The discrete-factor random-effects estimator ap-
proach provides econometricians with an easy method
of jointly estimating two (or more) behaviors of
interest [34].
22This assumption enables a specific correlation struc-
ture between unobservables that affects the treatment
and the unobservables that affect potential outcomes.
23Vella proposed that a generalized residual has two
important characteristics: it has a mean zero over the
whole sample, and it is uncorrelated with the ex-
planatory variables in the first-step probit model [29].
24For informal caregiving overall, a shift from 1 to 0
indicated a shift from informal caregiving to no longer
being an informal caregiver (i.e., beginning use of formal
care use or the death of the care recipient).
25It should be noted here that 575 of the inactive
persons changed from previous non-working status to
current working status, while 263 changed from previ-
ous working status to current non-working status. How-
ever, the dataset is weakly balanced because each panel
contains the same number of observations but not the
same time points.
26Because the rrs is distributed in a biased manner
among non-working caregivers, the explanation of the
rrs depends on hir, sending living expenses for non-
housemates (slc), and high or low socioeconomic status
(hses or lses). The coefficient of lses was −0.56, and its
magnitude was about 1.43 times that of hir. When cen-
soring the caregivers whose rrs was zero (N = 1460), the
coefficient of lses of the random-effects tobit model was
−0.99, and its magnitude was about 2.28 times that of
hir (not shown in Table 6). About half of the informal
caregivers belonged to the lses. The lses includes non-
married, non-working caregivers whose educational
attainment is low (less than high school). The hses
consists of non-working caregivers who are married and
whose educational attainment is high (university level
or above).
27Using a subset of non-working informal caregivers
who had received health checkups before a change in
medication, I examined whether a change in medica-
tion or a doctor’s consultation had a negative effect
on health checkup attendance. No such effect was
found (p > .05). I also confirmed that high-intensity
caregiving had no negative effect on non-working in-
formal caregivers’ health checkup attendance (p > .05).
28The generalized residual was significant at the 5%
level when including “unemployed” in the non-working
group; thus, it may be that poor mental health due to
unemployment can cause people to choose to stay in
home and provide informal care.
29The independent variables of the first-stage pooled
probit model were age, care leave, co-residential
caregiving, caregivers’ health status, care recipients,
educational attainment, having friends or acquaintances,
hospitalization, marital status, medication or doctor’s
consultation, residence, sex, relative resources or wage
rate, and the exclusion restriction.
Kumagai Health Economics Review  (2017) 7:15 Page 12 of 14
Appendix
Abbreviations
DREP model: Dynamic random-effects probit model; K6: Kessler 6 non-specific
distress scale; LSMEP: Longitudinal Survey of Middle-aged and Elderly Persons;
LTCI: Long-term care insurance; MHLW: Ministry of Health, Labor and Welfare
Acknowledgments
I am grateful for the helpful comments of anonymous reviewers, professors
Seiritsu Ogura and Haruko Noguchi. I would also like to express my appreciation
for the financial support from Japan’s Ministry of Education, Culture, Sports,
Science, and Technology (JSPS KAKENHI Grant Number JP15K03528).
Competing interests
The author has no competing interests.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Received: 22 December 2016 Accepted: 12 March 2017
References
1. Colombo F, Llena-Nozal A, Mercier J, Tjadens F. Help wanted? providing
and paying for long-term care. Paris: OECD; 2011.
2. Hirst M. Career distress: a prospective, population-based study. Soc Sci Med.
2005;61(3):697–708.
3. Tjadens F, Colombo F. Long-term care: valuing care providers. Eurohealth.
2011;17(2–3):13–7.
4. Davies B, Fernandez J, Nomer B. Equity and efficiency policy in community
care: needs, service productivities, efficiencies, and their implications.
Farnham: Ashgate Publishing; 2000.
5. Suzuki W, Ogura S, Izumida N. Burden of family care-givers and the rationing in
the long-term care insurance benefits of Japan. Singapore Econ Rev.
2008;53:121–44.
6. Tokunaga M, Hashimoto H, Tamiya N. A gap in formal long-term care use
related to characteristics of caregivers and households, under the public
universal system in Japan: 2001–2010. Health Policy. 2015;119(6):840–9.
7. Guberman N, Maheu P, Maille C. Women as family caregiver: why do they
care? The Gerontologist. 1992;32(5):607–17.
Table 5 High-intensity caregiving functions (continuation of Table 2)




Age and Marital status
Age 0.0187 0.0269** −0.006
(0.0129) (0.0126) (0.0169)
Married −0.349*** 0.0361 −0.0957
(0.101) (0.104) (0.148)
Educational attainment
Junior high school −0.00893 −0.101 0.0893
(0.106) (0.108) (0.151)






University −0.0657 −0.0973 −0.157
(0.106) (0.0986) (0.105)
Graduate school −0.145 0.000837 0.284
(0.513) (0.388) (0.302)
Residence
Rental housing 0.0491 0.227* 0.197
(0.137) (0.121) (0.163)
Company residence −0.371 0.560 0.254
(0.522) (0.425) (0.450)
Other residences −0.169 0.357 0.510
(0.263) (0.225) (0.335)
Health status and Medical care use
Diabetes −0.0372 −0.151 −0.0755
(0.122) (0.125) (0.148)
Heart disease 0.0851 0.0306 0.320*
(0.166) (0.167) (0.187)
Cerebral stroke 0.0890 0.203 −0.681
(0.222) (0.259) (0.545)
Cancer −0.0948 −0.00433 0.435
(0.212) (0.238) (0.300)
Having friend/acquaintances −0.0823 0.0586 0.121
(0.0867) (0.103) (0.122)
Divorced or widowed was dropped because of collinearity
Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1





Dependent variable Relative resources squared
Independent variables [1] [2] [3] [4]
Low socioeconomic
status
−0.561** −0.447* −1.855** −1.855**







0.392*** 0.390*** 0.311*** 0.311***
(0.0108) (0.0109) (0.0125) (0.0125)
Sending living expenses
for non-housemates
0.886*** 0.859*** −0.0298 −0.0327
(0.256) (0.256) (0.399) (0.399)
Constant 6.288*** 6.179*** 7.560*** 7.549***
(0.188) (0.198) (0.405) (0.409)
R-squared 0.255 0.256 0.243 0.243
Hausman test
chi2 (Prob > chi2) [1] vs [3] 182.10 (0.00) [2] vs [4] 179.95 (0.00)
N 4097 4097 4097 4097
Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1
Kumagai Health Economics Review  (2017) 7:15 Page 13 of 14
8. Bauer JM, Sousa-Poza A. Impacts of informal caregiving on caregiver
employment, health, and family. J Popul Ageing. 2015;8(3):113–45.
9. Brouwer WBF, van Exel JA, van den Berg B, Dinant HJ, Koopmanschap MA,
van den Bos GA. Burden of caregiving: evidence of objective burden,
subjective burden, and quality of life impacts on informal caregivers of
patients with rheumatoid arthritis. Arthritis Rheumatol. 2004;51(4):570–7.
10. Crocco EA, Eisdorfer C. Research in caregiving. In: Talley RC, Fricchione GL,
Druss BG, editors. The challenges of mental health caregiving: research -
practice ? policy. New York: Springer; 2014. p. 205–21.
11. Beach SR, Schulz R, Yee JL. Negative and positive health effects of caring for
a disabled spouse: longitudinal findings from the caregiver health effects
study. Psychol Aging. 2000;15(2):259–71.
12. Houser A, Gibson M. Valuing the unvaluable: The economic value of family
caregiving, 2008 Update. AARP Public Policy Institute. 2008. http://assets.
aarp.org/rgcenter/il/i13_caregiving.pdf. Accessed 6 Apr 2013.
13. Heitmueller A. The chicken or the egg? Endogeneity in labour market
participation of informal carers in England. J Health Econ. 2007;26(3):536–59.
14. Carmichael F, Charles S, Hulme C. Who will care? Employment participation
and willingness to supply informal care. J Health Econ. 2010;29:182–90.
15. Lilly MB, Laporte A, Coyte P. Do they care too much to work? The influence
of caregiving intensity on the labour force participation of unpaid
caregivers in Canada. J Health Econ. 2010;29:895–903.
16. Sugawara S, Nakamura J. Can formal elderly care stimulate female labor
supply? The Japanese experience. J Jpn Int Econ. 2014;34:98–115.
17. Hanaoka C, Norton EC. Informal and formal care for elderly persons:
How adult children’s characteristics affect the use of formal care in Japan.
Soc Sci Med. 2008;67:1002–8.
18. Kikuchi J. Does formal care substitute for family care in Japan? (Kaigo Service
ha Kazoku niyoru Kaigo wo Daitaisuruka?). In: Ihori T, Kaneko Y, Noguchi H,
editors. New risk and social security (Aratana Risk to Syakaihosyo).
Tokyo: University of Tokyo Press; 2012. p. 211–30.
19. Kessler RC, Andrews G, Colpe LJ, Hiripi E, Mroczek DK, Normand SL, Walters EE,
Zaslavsky AM. Short screening scales to monitor population prevalences and
trends in non-specific psychological distress. Psycho Med. 2002;32(6):959–76.
20. Oshio T. How is an informal caregiver’s psychological distress associated
with prolonged caregiving? Evidence from a six-wave panel survey in
Japan. Qual Life Res. 2015;24(12):2907–15.
21. Arai Y, Ueda T. Paradox revisited: still no direct connection between hours
of care and caregiver; burden. Int J Geriatr Psych. 2003;18(2):188–9.
22. Ettner SL. The opportunity costs of elder care. J Hum Resour. 1996;31:189–205.
23. Carmichael F, Charles S. The opportunity costs of informal care: does
gender matter? J Health Econ. 2003;22:781–803.
24. Amirkhanyan A, Wolf D. Parent care and the stress process: Findings from
panel data. J Gerontology Series B: Psycho Sci Soci Sci. 2006;61(5):S248–255.
25. Hsiao C. Analysis of panel data. Cambridge: Cambridge University Press; 1986.
26. Wooldridge JM. Simple solutions to the initial conditions problem in
dynamic nonlinear panel data models with unobserved heterogeneity.
J Appl Eco. 2005;20:39–54.
27. Kumagai N, Ogura S. Persistence of physical activity in middle age: a
nonlinear dynamic panel approach. Eur J Health Econ. 2014;15:717–35.
28. Wooldridge JM. Control function methods in applied econometrics.
J Hum Resour. 2015;50(2):420–45.
29. Vella F. Estimating models with sample selection bias: A survey.
J Hum Resour. 1998;33(1):127–69.
30. Heckman J, Navarro-Lozano S. Using matching, instrumental variables, and
control functions to estimate economic choice models. Rev Econ Stat.
2004;86(1):30–57.
31. Tamiya N, Noguchi H, Nishi A, Reich MR, Ikegami N, Hashimoto H, Shibuya K,
Kawachi I, Campbell JC. Population ageing and wellbeing: lessons from Japan’s
long-term care insurance policy. Lancet. 2011;378:1183–92.
32. Prochaska JJ, Sung H-Y, Max W, Shi Y, Ong M. Validity study of the K6 scale
as a measure of moderate mental distress based on mental health
treatment need and utilization. Int J Method Psych. 2012;21(2):88–97.
33. Michaud P-C, Heitmueller A, Nazarov Z. A dynamic analysis of informal care
and employment in England. Labour Econ. 2010;17:455–65.
34. Gilleskie D. Dynamic models: Econometric considerations of time. In: Culyer
A, editor. Encyclopedia of health economics Vol. 1. San Diego: Elsevier;
2014. p. 209–16.
Submit your manuscript to a 
journal and beneﬁ t from:
7 Convenient online submission
7 Rigorous peer review
7 Immediate publication on acceptance
7 Open access: articles freely available online
7 High visibility within the ﬁ eld
7 Retaining the copyright to your article
    Submit your next manuscript at 7 springeropen.com
Kumagai Health Economics Review  (2017) 7:15 Page 14 of 14
